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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To stably emit light with high 
luminance maintaining the stability of a hole carrier layer and 
an electron carrier layer and improving the property of the hole 
carrier layer and the property of the electron carrier layer by 
doping a carrier carrier layer with the carrier carrier dopant. 
SOLUTION: A transparent hole injection electrode composed 
of indium-tin oxide is formed on a glass substrate, and a hole 
carrier layer is formed on this hole injection electrode. A light 
emitting layer obtained by doping the host material expressed 
with a formula I bis[n-(1-napthyl)-N-phenyl]benzidine(NPB) 
with rubrene expressed with a formula II having an energy gap 
smaller than NPB as a light emitting dopant is formed on the 
hole carrier layer. An electron carrier layer formed by doping 
the host material expressed with a formula III tris (8- 
quinolinolate) Al (DPA) with a dopant having an electron carrier 
property and expressed with a formula VI 9, 10-diphenyl 
anthracene(DPA) is formed on the light emitting layer. 
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n , ±ta* + y riiffl© f-^o ^ «s«?-iMastt«« 

F-'O hr*-6Ci*«F«6-r^!B*3B182iSO io 

[aisjaH 3 ] ±ib* + y TfftS»#«^»iSBr* 
& F hr^^ci «mk& T 1 IBIS 

F-'O hr**Ci*«F«i-r-S»«3SliB*8 

*) . Jbia+ + y t^jbcd f-'O f joti-mms!*** 

6 ] ±ia* + y rmmmo f-^o v tm^ 
&m^m{t&®v&zct&&m£ir2>m?m 1 tats 

yria39BCCO.OlM«%3^6 5QS«%C[)fiffl-CF- 
^SntC^Ci4«ffli« »«3B 1 f aiS<DW*ix u 

[80^98 ] ±iB* * y TfiiifflcD K-/<> h 

%«f« t -r ^ts^s 1 laigcowtsx u^ho^a-yt 
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, s«W f4r * tifc * + y r <b ^fcjf i ffi 
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[«3R3i 1 1 ] ±ta* + y rtt&E*£t>ttaia:c.* 
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1 3 ] ±e*+ y T»ft3Sfl9*4t^a»ex* 
1 m>zm 15] * - juffiA*s im^f ffiA« t <om 

W««f4r*«^sti/c*^yr^3ilJi<b^B<?:^ 

±IB0^7tllCC, jfeJfcttOF-'OFi. C©»* 

[ig*^ 1 6 ] JifBJfcTfcttCD F-^> h <bffij@x*;U 
0lMS%^6 50aS%cD®H"C F-^3*iTC*4Ci* 

[ 18*31 1 7 ] ±§H»3fctt<& F > h CD^3t; tT- * 

5 50nnr- 700nm(D©H & C <b £#S£f £18* 

m5iBiS<DW^xu^ Fajl/U yfe>X^T- e 
[fS*^ 1 8 ] ±IB^ttCD F-^> h^-pfB(03 O 

C^ffc 1 ] 

NC NC 
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NC NC 
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h aw ^ u >r * a c <h t *r & is^^i5iatgcD w 

C»3KB2 0 ] ±BftBi*;l/¥-WI(lffl© F^'> 
[0 00 1] 

[0 00 2] 

[000 3]^lt v C©<t^ftxl/^ *-?-fe 30 

[0004] CCt, WtS^U^ ha;U** yfe>X|{ 

i»eaA?n/ciT-i^, ^i+fjriii 
c>mi£rfg«rc * 4 1 1» 5 w^*** o /c„ 40 

[0 00 5] g/c, ±fBOW^xu>7 hp^5* 9 ^ 

[0006] -eur. i6*pccfour, co<t5tt*«x 

[0 00 7 ] cc-c, C^^^XU^ 
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i£A«ffi Sconce, #£3fcB 4 coffefcBK: 
[0008] fl/t, CtiDJi^&Wttxi'* 

^>^iutit ^-w&A^ffi^^aA** 
4 ©race * -;Hfii£jf <t <t s^fssia <t zmm $ 

m@ t mi-&\mm t <ow cc * - >i>mmm ± mtm t & 
bow— ®tcffiffl$nrt^o 

[0 00 9 ] cct\ ±fa<£>*-;u&AMffi&t«:, £^ 

[0010] s/c ±gE^-jnaaaitc*jw4*-iHft 

[0 0 1 1 ] fit, ±8B©«T-lft2aB€r«« , r4S : F- 

fa^w^itr, se*tc*ji»rtt. TiBOfb4cc^rh 

[0012] 



[ft4] 




A 1 q 3 



t 
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[0013] CCT\ _hfE©J:5&*U'- F#J!£g<*«: 
#>o/c 0 

N,N'-di phenyl -N,N'-di( 3-methyl phenyl ) -1 , 1 1 -di pheny 
1-4, 4 '-diamine (WT\ TPDiKto ) ^<D7 x.~)l 10 

[0015] 
[ffc5] 

CHs C.Ha 
TPD 20 



[0016] c cr. ±iacDcfc ^ tav *~;i/y s 

[0017] &tc. ±n&Dn*ffimm&n*&. 
[ooi8] c<Dtc&, m^mmtmtm t<onm(fC 

[0019] */c, ±E©l6*)l*«flW*tm«, - 

[0 02 0 ] */c. aaacfcOTtt. «*BCc*j^-S* 
x htm;c«36tt(DiKCi F-'O h£ F-:/Sl±T. + 

[0021] l&l. mtmtcm^zftz httm-p f- 40 

;0 KD8Wcj:or^ *x hWf4^^> F— hoc 

[0 02 2 ] SCC, «*»tCffl^**>C Ftm*> F-^ 

f#s c <b #W*fcH«r* o /Co 

[0023] 
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* m^iHia tc *$ W S JB C03c^14 * JB^ 3 1± «r 

[0 024] *»lB©ffi<oaw«, 
T&o 

[0 02 5] S/c. *»?8©f6©BW«. IfcfcJBCCfcW 
tc-T^o 

[0026] */c. *mi<Dm<Dmmt s 9t%Mtcis» 

2> F-;<> F«*Kc*x h*fl43W«*T*©*l»±L. 
[0 02 7] 

[0 028 ]^U, ±ifi<D* * V TfSjMBa^T-ffiji 
£WT£ F-:/3tf£C £5^**0 

[0029] c c-c. m^mmttcn^macD f-;< 

> FSrF-^S-t***^ C©»^39B<D#* FW*4 
fc, PIB<DA 1 q 3 9©K£S14tetfftfc«^iiKM»f4 

'OFfcF-^S-tfSJ^Ccr*. C<D<£^c<r£<t, 

h€:F-^3#^«:^/cO, -C-Ojt^^ftt^, 

O^tt^iST-T-S/cA. «-7-lft2l»CC*jW-5±8EF- 
h(7) K-7'S^r0.Ql— 50fifi%(Di5HCcT^>C<b^ 

[0 0 3 0 ] iS/c, «^-|ftjSBCc*-;HiaS!t(0 F-^ 
±T^o C©<t^CC*-;HftjStt©.F-^>F«r F 
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&±IBCD F-'O hco K-^«*o.oi^5oaa%OKH 

[0031] s/c ±ib* + y rtt^#*-JMiaasJi 

Fws> F* F-^S*4Ci*r»*. 
[0032 ] C c-C, *-Jl/(ftj8IBK:*-JHKa6tt© F 10 
->OF* F-^3#&»^ co*-;H9gi©*x 

CO*^F»»tc*-;l/|ft3aittoiSliF-^>F* 
F-^SttSA^Ccr*. COcfc^CcT^i, *-;Hft 

flSL C©J:5Cc*-jH»iaStt©Kc*Fw« 

£±IS F-'O hco F-^«*o.oi^5GM%<DtSHK: 
[0 03 3 ] £/c, *-;HftiSllCC*^-»iSttCE> fw< 

<fc o e * - swain cc»^n/cST^ co* 

CCfctf &±IBCD F-'*> K-:7*S£:0.01^50fiS% 

[0034] *fc> iem-^iUjSw^^-iKftawK:, 

[0 035] i/c, C<Dmi<DfB 2 (Dim*. Is 9 bUfr 

3*?-fe>x$?M:* *-;M£A«ffi£fiH4£A«6<fc 
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[003 6] -e-OT, C©f62©#»xU* FnA^* 

a^oicc** urlftaiffl*ii» 
c©F-^>FccJ:o'T:»*»cc«^*--^ffi 

[0037] a/c ±e*^ yri»asffl**waBBi 
[0038] c tr\ ±ib** u r*l2lffl**i^«afi 

x*;t^-^ttJB<£> F-^'> F <t ltd ^<Dx*;U** 
-^+^^J:0fc^:*t*fc©*ffl^SJ:^ccL. Wit 

[0039] ^ur, c<D<fc5fc** >/rtft2y8*&i> 

fTX&< «t£fc«>. «EWc*jtfi±EF-^> FOF 

[0040] a/c, t©sfeWfcfcw&iB3<DW«xu* 

^»<fc#Rtt6ftfc#axu* ha;^^^>xf 

■WBOF-'O F£* F-:/SttTt»*. 
[004 1 ]f Ot, C©»3©W«xU* FOA^* 

* -is J: 9 te. «*liCc«3614©F-^>Fi 

CCD^ttO F^O FOIUe^lb^SBjBx^j^- 
»»ffl©F-^>Fi*F-^ , S#4i, t<D®i£§x* 
)Wr-&W)m<D F-'O FtCj:or^3fettcr) F-'O F 

[0 04 2 ] */c. ±faBjax^;l/^-^tt^(D F-^ 
>F*s**L3tcc*»^Cc», c©ffi*Sx*j^-#Brfla 
OFwO FKlcfco T SIB $ n/c^fettCD F-^OFK 

[0 04 3 ] CCT\ ±E<D«fc ^ &*5ettcr> F-/<> F 
*\ C©»3Ctt<0F-^> F©«**B6W*B«ax*^ 
F-^> F*«6IBCc F-^5#^«:*>/c 
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Ztlh<om&'Pt£l<>t. «*JBCCK-^3tl^«* 
[0 044] J/c C©S3©f«xl/^hu;l/U^ 

[0 04 5 ] 

NC NC 




[0 04 6 ] 
[ft7j 



NC NC 




[0 047] 
Cffc8] 




[0 04 8]^ ±IB{fc6, fb7, ffcSOCfcttSRt - 

-C n H Jn + l , -CN, -0(C n H 
ann), -N(C,H, ltl ), ^oy>l, 7x^;H, * 

[0 04 9] S/c C4)&HCCfet*&JJBfRl^&3<D 



10 



20 



30 
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Mitii 4 »#» <t reran 4 * aw s tr * d h mm . 

* - ;U& AH® 4 reit AH@ 4 (DM * - Ji/HHSM 4 

Mii^ii^n/csH-AM, *-;uaAm®£ 
«^-aA«s 4 ©hi cc 4 m^^n 4 zmm s n 

[0 0 5 0 ] 

(SSJfiW 1 ) HJ860* 1 5c*jW4S»xi/^ h * * * 

l<D±tCj>W<L-XZWt<t® <«T, I TO405 
To ) 3^6&*2?8a*-il/ffiA«fi2*^fiEL/, CCD 
*-Jl/aA«S2©±CC. TfB^^:9^C^"r4,4 , ,4"-tris 
(3-fliethyphenyl phenyl ami no) tri phenyl amine (fe(T, Ml 

[0 05 1 ] 
Ut9] 




MT D A T A 

[0 05 2] S/c. C©#-Jl/ra»3G)±K:, TfBfb 
IO^Ctt^T Bi s[n-(l-naphthl y)-N-phenyl ] benzidine ( fcj 

t\ NPB<h@§-r 0 ) *6«ca*^nm*«c, **tt 

OFwOFiU, CCDNPBcfcO &x*;I/=F-^> 
9 ^(D/h $ i >TiB{ tn&c^-r rt/ :/ u > *s 5 M% K - y 
3 ft r & & JgJS^iso A frc ft o tcmtm 4 * j^be U r i > 

[0053] 

UtioJ 



50 
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@-r©-©-Y-@ 



N P B 



[0 0 5 4] 
Utll] 




R u b r e n e 



[0 0 5 5 ] £tc. C<D&ytm4<D_kt,C. li5IB<Z>fb4 K 

-/^>h<bbr > TlB{fci2^-r9,io-^^^^;ur> 

ftT -5 KJf # 3 50 A K ft: o /c^fftiHg 5 ^Mlt 

[0 05 6 ] 
Htl2] 
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[0 05 7 ] *Lt, CCD^iftoSf 5<D±&C, Mqln^ 
^ (Mq: In=10: 1 ) #>6&&I1J¥# 5 2000ACC& o/c^ 

[0 05 8] ccr, conifer KDWtSxU^ ha;b 

«r * 39§ a * - ^axii 2wsn/c^7^i«i 

Pal, x^y-;b*r2Q»iHl^n^tijHW»i5fei*L. sec 

[0 0 5 9] &ivr % CCDiivTsWM 1 CcjgJsRStifei 

£g5XiO- 6 TorrC, ««flK*SM»L&l>^TrtT 
[0 060 ]^ Lr, C(D3lJte^llCDW^xU>7 hp;U 

J: ^ CC. HE 6 vr*£g#30icd/m 2 > «EuVT*» 
g^2i900cct/m 2 k:^o/c^^u>icj:^llfe^^ 

(sijs«2) m&m 2 commits? ho^a?^ 

«^»2Stt(D K-'O F&TiS<D{tl3CC?Jri-T> h^-fe 
[0 0 6 1 ] 

[<bi3] 




[0 06 2 ] fit, c<D9mW2<DmU*i<t> hun^ 
^ ^ > -fe > X jR^-tc & 6 * - ;U&A^@ 2 ^mm<0 V 

mfrhm&ttwmt&t. TiBfucc^vrjcscc, hie 

6 Vr*fg#i3lcd/m 2 . ^SnVr^g^5020ccl/ 

atmm 1 > jt«w 1 ©six u^ha^n^>x 
so m+tcte^xiz* ±^(ommmi muxi^^ hn^ 
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?R£, ±§B<Z>JIJfe0< 1 <DW^* u^hn;^^ » 

[0 06 3.] fit, COJttt«l©W«xU^ hurt, 

E6 VrjWS^27ccl/m 2 % «ErLVr»K#1739ccL/ 

[0 064] 
[*1 ] 





Sffi (cd/m* ) 




6 V 


11V 


3ltt«i 
HK«2 


3 O 1 
1 3 1 


2 1 9 OO 
5 0 2 O 


JttMHi 


2 7 


17 3 9 



[0 0 6 5 ] C<DtSX*>6lH6frttJ:9CC t AU 3 ^ 
fflt>fc«T-IK«JB5CC*^|ftiiitt©FwC> h£ F— 

«^»SW5K;«^|ft2S14©F-^>h«:F- 30 

ttcD f-^> htcDPAzm^tcgmm 1 <dw^x u * 

h n ;U * * v -fe > X JR^-CC *> I > X { J, * ©ttfl&tf JfctS! W 
i ©WHx u^ha;K^7-fe> * ST£>iofg«±K: & 

[0066]^ mt&ffll , 2 C>&#»x U * h cul/ * 

->*>h*F-:/Stf4(cafc*K *i^ft2itt©F->< 
>h*F-^S^4**S5(»B%«:jBiLS<fc, 3!CC«^- 40 

i<D±tc i To^e>&*aw&*-^aA«a2«:jgfiE 

U CCD^-;UaA^®2(D±CC % HUl2ib9CC^-rMTDA 
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n*mm&<o f-'*> h £ LTfriB{bi2k:^-rD p a a* 

ioSfi% F-^§nrig^f^iooAcc^- 3 /c^2*-;i/ 

ilI3 b^:WUtW e 

milB{b4Cc^-rA 1 q mT- 
tft&ttCD FwO h <t urMfB{bi2Cc^-r d P A^ios 

fi% F-^3nrK/S^50oACCjrj:o/cfB*B4*^ 
U C<D^*M4<D±CCMqIn^# (Mq : In=10: 1) fi> 
6 & 5KJS#2(X>oA CC tt ^ /cm^riAmS 6 *JKjflE L T 

[0 06 8] fit, COWS«3©Wail/^hP^ 
5 * y 42>X5RT-CC*5^S*-;l'i£A«ffi2 ^m®CD^* 
m^aAmfiS6%^G>v^^^(cSi^L/rS 
«3&>6*lE«:9«in-r*<!:, ±fB<Dft#J14 CCfctf £ A 1 
q 3 ^^6^fc'-^^g510nmCD^fe^c^ff 6n. 
A 1 q3 <fcDix*W-ft 7 7*(D^^DPA (1% 
#fcf-*«fi438rm) OHJtBS6nft*>-5fc. 

[0 06 9] */c. ±SB©«»fr&EPjto3tf S«E*^ 
fbS*fc»^, TIB©a2(C7n-ri:5tc, mjE6VriS 
g#487cd/m 2 , ^JIllVri»g^24000cd/m J £>ft 

[0 07 01 1^ C0Wixl^hq;bU^fe>X 
^^SS«t7)WffiScD^J55%C0273ccl/m 2 K.tj;~>X^ 

*¥-*c;teir>Ttt, ±IB©SIS£CT3CDWf8xu^ hurt^ 
*9*>^*^-iBI«CC % m2*-JH8Sll3bCc*5C* 
TPDjfc6tt5*-rt>i&£tt©#* httfWKVf- 
fijMttO F-/0 ht^^DP A&SloSM% F-yS-i* 
IKfc»4CC;teW£A 1 q 3 *tcm^jHttOF 

-^^hr^^DPA^F-^^-ti^c^^^L, -en 

[0071] fir, c(ommm4<D^^u^ hu;i/ 

5^ ^i2>^3R^fcWS^-^aASffi2*a«CZ>^ 
^XiC, «TiSA«ffi6«r«iB©^-f^^CcSSttL/r« 

aa#> ^^ffi^Enso-r ^> <t , mmm 3 owtix u^ha^ 

[0 07 2 ] '±EC0WH*i6EnanS'tt4«EE** 
fb^i±/cl#^, T3BOS2«:?n-rJ:9(c, ^EE6 VtH 
K^i42cd/m 2 , ^BEnvr*^g^i2i60cd/m 2 ©ft 

[0 07 3 ] Mtc, COSii^ hPJl/>^^>X 

ttS8mE^7.6V^CL v 15.6^0^ <DMMtfilXmm$£ 
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/to 

<tt«W2) Jt««20W«xl/^ hDJVS*^-fe>^ 
n<D KwOhtftSDPA* F-^Stftt^J^K 

[0074] flt v c©ifciftW2©W«xix* 
= * vfe>^*^CC*j^-5*-;l/ffiA«ffi2*«jH©^ 
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5*^42>X*-7-ipiaKc, 3fe«JB4K:*5tt£A 1 q 3 

fb3i±/ci§^ TiB©*t2fC7iVrJ:5«:. miE6V"CjSS 
S^u2ccl/m 2 . miiiiVTi&?K#ioi50cc(/m 2 CD^g 

[0 07 6] M^C. C(DfI^U^ hOAS* *-fe>X 
KT-CcfaOT. tnj»«fi#500cd/m' Cc«r4J:5K:, 
*7J#MK£8.oV&tU le.smVcni 1 ©S^dS^aSISfe 

u Tia*2 6c^r<fc^K;. 5i7«Fiffl«cc*ji>r«^© 

[0077] 
[^2] 





WE (cd/m 2 ) 


5 1 


E 500cd/m 2 ) 


SE 


6 V 


1 1 V 


Hffi (cd/m* ) 






4 8 7 
1 4 2 


2 4 O O O 
1 2 1 6 O 


2 7 3 
2 O 1 


5 5% 
4 0% 




112 


1 O 1 5 0 




1 0 96 KIT 



[007 8 ] CCD*S*fr6?J!&;frttJ:5lC % flHMHaStt 
OF^> Fr*£DPA*»2#-Jl/tfc2SJB3 bCC/c 
^F-^3#/cHS6W4<3DWaiU^ hPJR*^> 30 

W»»ttOKw<>hrft4DPAt»2 
*-->Hfti£JB3 b<fc»36JB4<fc©M^«: F-^SttfcSI 

»tt©F->0 Fr*SDPA4f&2*-^ffiiS»3 b 
i**H4<Df5ItiK:t> F-^S*tt36iofcltia«2<0* 

[0 0 7 9 ]«f(C, l^iattOF^OhtftiDP 
A*»2*-;V|&illJB3 bi»*B4<fc©HSfCC F-^ 40 

1©±«1 I T0^6tt*a?Ba*-^ffiA««2*»flE 

TA*>6>ttSH/S*«500Atctto/c»l *-;HftiSJB3 a 
*»flEL, C©»1 *-;Hft2H3 a©±CC. liufBfbS 
Cc^-T T P D h tc & MWftSiJOOAfiC fc^ 2 * — ;l/ so 



iSJ13 b t*J6SOrt>*. 
[0 08 0 ] C©*2*-;U!SKaSJ13 bCD± 

Buia<t4tc^-rA 1 q 3 httfMnc, 
f^fcttCD F-'O F <b LTTiBfbl4CC7jV3'D CM 1 #1. 
6fiS%, C<DDCMl©»jl6«:B6W&ai§x*;l/^ 

F-'<> f L Hfriaibn«:^ 
f;^l/>^5Il°/o F-:/3ftTJR/*#40oAK:&o 

/cS*14Wl, C<D^*H4CD±k:MciIn^^ (M 
q: ln=10: 1 ) 3^6ft2IUW2Q00A<Cft oWi^flE 
A«e6*Jftj£0Tl>5. 

[0 08 1 ] 

[itlA] 

NC NC 




D CM 1 



t 



(10) 



17 



M 1 CC<fcS^t~*«fi611nnk feKJ^tlx = 0. 562, 

y = 0.419©* u>^e©»^»64T/c/dW-C, 

U> (**f-^Sftfi656nm) CC<fc 6 ti&fr 

[008 3] £fc % ±ia(0WH^6EnaiSl*S«BE*^ 
#60ccl/m a . mjEllVrjSS^2i90cd/m J <DWtft 

[0 08 4] M^C, CCDW«xUi7 ha^3 *y(2>^ 10 
JR^f-KAOT. Bm8»K^i66cd/m J KftSJ:^^ 
9mA/W Tf Bit 3 te^ 

^^-fe>X^tC*5lir, ±fB©^Ii4fc: K-?*3t!: 

*§&t L/Co 20 

[0085] ^lt, ccomtfem scorns is? Fn^ 

hnjb***ir>X*^<tH«K: % DCM 1 CCj;£#£7fc 

b"— ^fc^607nrrK feS^ESx = 0. 562, y = 0.437©* 

[0 086] $/c, ±sB©««^e>EPftl3liS*ffi*S 



«fB82 0 0 0- 1 64 3 6 2 
18 

Jg#60cd/m 2 % mEaiVri^jg^i9i5cd/m 2 ©|£* 

[0 0 8 7 ] H&C S COWtliU^F^l/U^>^ 
9rrA/cm 2 ©SmS£T*»Mf£ft; 3 i 4 TiBH3«:^ 

<Jt««3) tfc«ffi[ 3 ©WIS* u ^ hD;K^>^>x 

s ecu *fttw&*> _bfa^j®W5©w 

[0 08 8] ^LT, c<Dlt«W3<DW«xu* hu;b 
= * v Hz > xgHHt -5 * - ;u&Am@ 2 :/ 

^xcc, mT-ttA^ffi6£^®©v^xccjg^or^ 

^6mE£EPflirrS£, ±fB©DCMl tc<£&^7fct:' 

— *»fi6Unnu feSJ^x =0.553, y = 0.438©* U 

[0 08 9] £?c. ±i2(DmmfrhWimZi**>mf£*:$z. 

g#30cd/m 2 , mEnVr»^i279cd/m 2 ©#£* 

[0 09 0] MCC, C(DfflxU^FtUl/U->-fe>X 
JJH^tfc^T, SJ^^222ca/m 2 6CJtC4<fc^tC, 

[0 09 1 ] 
[*I3] 





ISJg (cd/m* ) 






6 V 


1 1 V 




6 O 
6 O 


2 19 0 
19 15 


6 2 
6 4 


ifc««3 


3 O 


12 7 9 


3 2 



[0 09 2 ] C©tt*;fa6g86#>&J:5K:, IB*J14K: 
»*tt© DCM 1 t^CC, C©DCM 

6£DMixu^ hn^U7-b>^3Rm DCM1 

j» vzmm**>i>:¥-&MmR vn^m mm © 



50 



3 U*hEUl'5*vte> XSST-KUt^r i 

1©±CC I T O ^ ^gi^c ^ - ;^Af i 2 

U c©*-;uffiA^@2©±cc. futBtt9&t^t"MTDA 



(11) 
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[0 09 3] fit, C<Dm2^-)m^km3b<D± 
HUlB{t4&C^:TA 1 q 3 FWf^C, 
S^fcttCD F h <!: LTTIBitlS^^TNile Re<#* 1 

;i^u>#ioM% F-^^nrMjl^4ooAtc^o/c 

2fe7fcJi4£7|?j£U C CD^H 4 CD± CCMqlrr^ (Mq: 
in=io: 1) £>e>&&JliJ¥ ^2000A&c&~>/cmT-&A^ 

[0094] 
[ftl5] 

C2H5 



$m 2000-164362 
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Nile Red 

[0 09 5] ^ir, <L<o^m$\i <DM%k*-v v ho;i/ 
^ ^ ^ -fe > x ^^^c w £ * - ;u&Am® 2 &mn<D :/ 

^x&c m^aAM@6^mn(Dv-r^x{cjt^Lrm 

®frfc«JE£E[JftI-r&<b* 03CC^Vrj:5tC, £j612nm 
©«fiiC3Ktf**t:-^4WL. eiSffiWx =0.530. 
y = 0 . 464&C & o /c±f BNi l e Recife <£ £ if U > v^feCD^ 

[0 09 6] ±K<D^fr6EPJlD3tf£«E*£ 
{tStffctB^ TiE<D^4«:^-f <fc5CC, lE6Vr» 
R^5icd/m J , «I£iiVrjWKa*2i70cd/m' <r>Wt* 



[0 09 7] Etc, ccoW^xu^ hn;H^7-fe>x 

9mA/cm 2 ©S«*t?aKaB6S TfB^3&C^ 

fR^cc*$t>T«, ±IBHJteM7<DW^xu^ ha;U5 ^ 
5 ecu ±i bo^w 5 (DWffix u 

[0 098] fl/t k CCDi:bi5Wl4 0W^^U^ hn^U 

^ * ? -fe > x*^-tc4dc^ s ;i/ftAti 2 &nm<D 7' 

«3EP?>«JI«:E0/rarSi, H4K:*rr«J:5«:, 615nm£5 
35nm©i6fi&Ct— ^4rWU glllx = 0.449, y = 

fcltett&Nile RecUtA 1 q 3 <DW3&¥&tbX\t>tt m C 

BkSx^^^a^A I q 3 jfrfcNile RecfcC 5 £ < &1& 2 

nr\ Aiq 3 smmftutctctbx&z. 

[0 09 9] ±iE©«Wfr6EPftI§i***EE*^ 

ffcS'&fc*^ TiBCD^4tc^*rcfc^tc, *ee6v-c« 

[0 10 0]jgfc:, C(DflRxU^hajl/S*?-fe>^ 
gm/v/cm 2 ©^«SfeTaBKSSfeSli--5i, Tf B3t 3 fc:^ 

[0101] 
[*4] 





*f£ (cd/m 2 ) 


5 4 4R^© 




6 V 


1 1 V 




5 1 


2 17 0 


5 5 




2 2 


14 2 4 


2 3 



[0102] C©tt*3fe6W6*»tt<fc5«:, ±fB(D«* 
Ji4K:lB*ttOK-^> Nile Recline, CO 

Nile Red(D^^»^^ffljax^;b^-^tt«R^^ 
ByB©F->*> hr*4^^U>4 F-^StffcSB* 



50 



Jl^U>^A 1 q 3 Nile Redfc:ttJ&*#B*-F 

*J:^(cttO, Mile Re*E)«etBfttf SBfix*^-- 
SttfflR *F-*&SS/I! © F - ^ > F r & & )l 7 U > £ K 
- ^* £ i* & * o /drbfStai 4 CD p^hdJ^^^t 



(12) 



21 



-fe^x^FCcfct^Tte, mzicfjk-? £ 5CC, *7Xli 

T^e>^-SMJ1^500ACc^o/cmi *-JlW&m3 a 
SrJBfiEO. *-;H&HB3 aG>±Cc, milB{b5 

cc^T T P D & 6 tc & #iooAtc & fc^T 2 * 

[0103]fU, CCDlf£2*-;U!^B3 b<7)± 
CC, SyfE{t:4^7^-rA 1 q 3 #6&&*X FJ#ft*CC, 

ffefttt<D K-/<> h £ L<TTfB{bi6Cc^-r D CM 2 # 1 

«36B4*Jft£U CCD^7t^4(D±tCMqIft^ (Mq: 
In=l0: 1 ) #>6&£^J?#2000ACC&o/cmT-&Am 
^6£7f?J?£LTl>£ 0 

[0104] 20 
[ftl6] 

NC NC 



H3C 




DCM2 

[01051-ett, c<DHJfi^8<DWt5xu^ 30 

^ * -fe > x fg^-cc 4d w £ * - Ji'&xmm 2 z mm<o 7 

M2CCcfc^|fe>fef-^igfi645nm, fegllx = 0.650, 
y = 0.35(XD^feO^7t^ff *>tltctcVX\ §mm4lC 
*5tt&;U:/U>^A 1 q 3 (D»*»Se>n«C3^ofc. 
[0 10 6] ^Lt k ±EO«jB^6EPftlS-&4«I* 

g&27050cd/m 2 Xfo-z>tc 0 

ottaws) ttwnbo^m^u^ bu>m 40 

*^-fe>X3R^C*jC^-C, IS36i4K:*jltSAl q 3 

£5 ecu ^-nwit ±&<Dmm8<omm*i'# v 

[o 107] fit, c©tt®WI5©#«xu^ 

5 * * -fe > X 3IT-CC A^g 2 ^ 

«*>6*E*BttJirf DCM2CC<fcSSMfcfc:-*ift 
g645r¥n, feSffi^x = 0.612, y = 0 . 382CD^fe<D^fc 50 
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[ 0 1 0 8 ] ttc. ±taoS»*»6Enftl3l±4«E*6 
VCCL/cl#^C^^S?e[«13cci/'m 2 
^Jf^i4020cd/m 2 r^-o/c 0 

[0109] C<DtS*. ±fBCD|gJfem CC^T 
«*JB4CC*$W4A 1 q 3 #6&£*X H1#f4*CC, ^ 
»F-a-> h^^,DCM2 £&IC. CODCM2 

* C <t & < , IBei4(DK-'Ohr*<5DCM 
2©l^a*#i«tf>6ftT\ DCM2«:J:-SiiBWStt» 

•fe>X^Bt*5(,vCW:, B2Cc^-rj:5K: % ^Xlg 
1(D±(C I T0^6asa9Bft*-^aA««2*^fiE 

u ccD*~;t>&Am@2£>_hcc, iiuiB{b9cc^-rMrm 

TAa>6&£j^#50oA$cfc^/cSfll *-~'Mffi£B3 a 
Z&f&b, COmi *-;l/fftilB3 a<Z>±CC, fwfBfbS 
CCTnT TPD^6^C^> MJf #100 A CC a o fc^ 2 * - ;l/ 

[01 10]* Or, CCDJH2 #-;Hftj£B 3 b 0)± 

cc, MIB{b4«:^-rA l q 3 frhtzZ&x hW4^c, 

^*14<D K-'O h <h LTMiB{bl4CC^DCM 1**1. 
6g£%, S-T-tftiSfiJO K-/*> F £ bTfulBfbi2Cc^ 

tDPA #ioss% f - ^ s nr miauooA cc a o /c 

MI4«U CCD^3OT4<D±CCMgIn^ (Mg: 
In=10: 1 ) #e>^^MJl#2000ACC^:^/cmTaAm 

[oiin ccr\ c<om^mQ<Dmm^u^ fp^ 
^ ^ y -tz > x^t-cc *s w z> * - ^aAii 2 * mm<D v 
^^cc, m^FaA^S6^m^cDv-r^^ccg^Lr^ 
mfrh^ttvmtzt, ±E©iaeH4cc*5W4Dc 

Ml CCj:-S|Bfefc'-^jftS605nm, feSMS X = 0. 537, 
y = 0.447<D* U>^feCD^7fe#ff «*H4«l*j 

[0 1 12] *UT, ±Sa<DS«^691ftlS-l*-5«II* 
6 V CC L/ci#^<DSSti417ccl/m I t?, ^ tcMMMmt 
12l80cc^m 2 V&K). DCM1 CC<t^]SWS&ffe^ 
f#6ft£<tftCC, fi«ffir+»tt»*^»6tir. W« 

•fe>x^Tcc4oi^r«, m2(rC9ik~?£ ^cc 4 ^/7Xii 

1(7)±CC I T03^6ft4a?B&*wl/i£A«fli2«:^ja 
L, C(D^-;U*aAm@2(D±CC, TfBibl7CC^-rii^ 
^'>r^> (WT. CuPci%-To ) 3^6ttSJRW^20 
oACC^c-3/cmi *-^lftaSB3 sl^BjSLLs C(Dmi 
&-)VWiMm3 aO±CC, ByfBfblOCCTnTNPB^^^ 



(13) 



23 

% F - 7'2 tixiim&iook tc^c o fcjjr 2 * -^iftiSM 

[0113] 
[<tl7] 




C u P c 



[0114] 
Utl8] 



OXD 8 



10 



20 



30 



[01 C<D»2*-^lfH!9B3 b<D_h 

BUlB^^^A 1 q 3 fr&fcSIWlWSOOAtett 
o/cS*14^:MU C©*#J14©±CC**jIn£& 

(Mq: ln=io: 1) £>6&&M/?#2000A&c&~>/c^F 
aAii6^WLtc^ 0 40 

[0ll6]<lt, ccdHj^WkxdW^xu^ hn;i/ 

6 * WBOv t ^ (C»tt IT* 

lq 3 fC«fc5#S*t-*jRfi527nm, feffiffifitx = 0.27 
X y =0.602CD/^feO^7fe^ff ^tlfc 0 

[0117] ccr. ±iB©«iH*>6c©w«xu^ b 

<fc, 3.3V-C»36*H*&L, 6 Vt£Ltcm^<Dmmtl28 
cd/m'r&D, $/c^iS»^i33700ccl/m 2 "C&o 50 
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tabc*rB\ ±IB©^*6ffllioa>W«x u * b ^ 
*?fe>*%?-CC:bl>T. ±iE©^2*-;l/t&j£Ji3 b 

JJB©OXD8*K-:/3#tttr><fc5K:U 

= * * -fe > Xf^Bt *5 W & Jl/iiAme 2 4«»<D ?' 

ffifr6SE*EPJnrr*<!:. ±K©IS5fcJB4K:*$tt*A 1 
q 3 CCj:SfBfctf-*iftg5 2 7nm, feffiffi«X=0.30 
l. y =0.6l2(Dlife©|%**5»e>ti/c. £/c> ifBOm 

tt£1tEE£±^3-tt£<h. 3.7Vr«*«rBB*fiO, 6V 
tel/fc»^©jWKtt77cd/'m a T\ * fcAiffjWKfcttllO 
Ocd/m 1 T$>-otc 0 

[0 119] CCD^m, ±fBOSISfi«l«C^'i-«fc5CC, 
Jg 2 * - ;Hft^H 3 b 8C*5 W £ N P B *P ft £ * - JUft 

[0 12 0] CtlB, *2*-;mai3 bCcm^»ai 
ttSV*-;HftaH4«WrSOXD8* K-^8«C 

(^jfe^ll— 16) ^|fSFdll^l6CD^W^X U * h P Jl> 5 
* ?-fe>X3R?»CC&l>TH:, 02K^jVTcfc5K:, 

1 ©±K: I TO*>6&42tWJ&*-^aA«ffi2 * 
J&titLs CO*-^ttA«ffi2<D±CC, «rgBfkl7CC7n-r 
QjPc*>6*4Hff^200A(ca:- 3 /c* 1 *-JHfti£»3 
a*0fifcU C0&l*-Jl4ft3M3a0±K:. S?IE{L 
10CC fjkf N P B 6 S RAW 100A ft o /c® 2 * - 

[0 12 1]*Lr, C©»2*-;mjSJB3 b©± 
ffeftticD K h T*&£]iufB{tl6te^-r D CM 2 <b , 

c©dcm2 (omt^mw *>mmx- * &>¥-&mmR& 
n*ffimm<DV~'*>bv&Z)izfui'£&> -en^ti 
tibcd^ 5 ttcfn^m^ b-72tixmm& 500A tc& 

(Mq:in=10: 1) rtPfc&SR/l^OOOACC&ofca^ 

ffiAWB6*JBJ«L-Cl»4. 

*^>XJ^CCfoOTB, ±IBCDllteWlll-16CDWtS 
T\ «36tt©F-^>hT*4ffirlBODCM2*TiB<D 



I 



(14) «ffl2 000 - 1 64 36 2 

25 26 

yt*®)V2>mm**)i>¥- &nmRvm?mmm <o k- [0122] 





**Jil-felt4 K— /<> h<D K-^» 




DCM2 (ii%) 


;u^u> (UM) 




2 


3 


S&tt 12 


2 


5 




2 


1 0 


nt&w 14 


1 


3 


mens 


1 


5 


Sl««16 


7 


7 




2 


O 


tt««8 


1 


O 




7 


0 



» 



(15) 



27 
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(cd/m* ) 


1 0 Ocd/m 2 


10 0 Ocd/m a 


12 

SIJ£« 13 


x=0.65. y=0.35 
x=0. 64, y=0. 36 

X— V. O**, y— u. oo 


x=0. 64* y=0. 36 
x=0. 64 % y=0. 36 
x— u. oj % y— u. 


7, 8 4 O 
7, 7 8 0 
9, 4 7 O 




A— V/. vl« y — V. oo 


x — \j. o i % y — v/. jo 


7 f 13 0 


15 


x=0. 62* y=0. 38 
x=0. 59* y=0. 41 


x=0. 60* y=0. 39 
x=0 57. v=0 42 


12, 7 O O 
14, O 8 0 




x=0.57* y=0.42 


x=0. 54, y=0. 44 


12, 6 O 0 


mmm ie 


x=0. 65* y=0. 35 


x=0. 64, y=0. 36 


1 , 9 O O 




x=0.6U y=0. 38 


x=0. 6K y=0.38 


2, 4 3 0 



[0 12 5] CCX\ ^*®4(CfcW^A 1 q 3 #>6ft 
Ft*f44HC F-:/£tf£DCM2CDS^UCft 
^/ck<D£J±$5rf C<E>D CM2 <D&%:ZmVZ>m 30 

•>-fe>^^CD^. ;^u>^ F-:/3#ft:fr>-?/otf 

[0 12 6] %.ytm4lCteV2>A 1 q 3 frhUZ 

Fttf44H£ v DCM2^211%, ;l^P>£ioM 
S% F-:/i*i±*:^ife0«ll 3<DW«gxu^ Fn^* 9 
■fe>X^<b. ^3fcH4fc::teW&A 1 q 3 #»6ft£*X 

Fttf44Hc v DCM2^21i% F-^Stffc/tttr^ 40 

[0 12 7] ;l/^U>^F-^3i±^^o/c 

tt. DCM2te<fc*«5feDffiK:, *&g520nmttia«:A 1 
q 3 &C££2fe*#£CTt>fc#, DCM2©»**BftW 

ft < , *#tf- ^fi##J644nrnlCft ofcD CM 2 ttcfc 50 



Al q 3 — ;u^'u>- > DCM2(DJ[@^:xA-x^c|a 

[0 12 8] «*tt©K-^> Fr&£DCM2 

#t&^u^ Fu;U5 * *fe>x3R^Bc*5ir>r, lovom 

[0 12 9] $/c, ±IB<DSIteWlll-ie©WISxU^ F 
> ht*SDCM2<D F-^S* lMS%CCL/cHiS0f!l 
firt^< ftoTl>/t7^ Jg*6Wi4, iscdW^^u^Fu 
^CCft^ri^c. Cti», DCM2CD F-:/fi#*I>ftl> 

[0 13 0] —15. S3ES0h*-^> Fr^6DCM2 
©K-^l*7 11% L /cUfeWiecDW^^ U ^ F P 



(16) 



29 

[0131] C*Ut*tLT, »3ett©K-^>hr** 
DCM2(DF-7*M2 11% CC 0/t^Jft#lll^l3<DW 

oKKftttjUK«sf»6ti. DCM2CD K-7 , M2ii 

[0 13 2] DCM2^211%, ;l^:/U>£5 



[0133] LfrL, 3&g£4000c<t/m 2 fcb/tfc§£\ 
Jt<8W 7 CD^x U^hOibU^ -fe >XiftT-*>> 62£* 
3ttfc7&Dfe@K1§&, x = o.59, y = o.40£&0. 



10 



«E*±Cfr«5Bifi*^:#< U/c»^ DCM2W 20 
6C. Alq 3 ft^?Ztc#)X*ft2>±^7Lt>ti2>o 

[oi3 4] ctKtcMLx, mMmi2<D^m^ U * h P 

64, y = o.36rab0, fe^M^o^b«:4>&< > ^feo 

3 -»;U^U>-*DCM2(DJIHtC^A-XJC|fiC 0 , Wti 
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x&ycm&tt%< Ltcm^cioi,>xi>, dcm2^ 

^TtT 4 J: 5 «:& -d /cfc«>r * 4 . 
[0135] C(Dtc&. %3ett©K-^>ht*6DC 
M2<tftC£, CODCM20^MM^^'/U>^F 

tctec>r«. ep^3tf4^JE£±tfT^^g£*£< 

[0136] 

e*effi©m^e«*«:^3ST4ci*j'r#, *r 
■T4*B^©*amiSH*lfc*:-r4ci*«r*. -eoxmffj 

ffiffifcfcrt:*t>. 

[01] HJ&t&J 1 , 2 RCttblSW 1 tefctt 4*ft£x u * 
4. 

[02] Sllfi013^l6RMbe«2-9«:*JW4Wax 
-C&4. 

[03] mMMico^m^iy^ ha;l/$^ yiz^xm* 

[04] ib^Wl4(DW^Xl/^ hDJU$^^t>Xi^ 

[05] mfc«iaacxjtK« 7 ©fix u * h p ;u * * 

^-fe>^^^0^7fex^^ h;b£ircL/c0r&4 o 



[01] 



[02] 



(17) 



1^2 0 0 0- 1 64 36 2 
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